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Abstract. Measurement of natural radiation produced by radioactivity such as radon and thoron has been observed in 
Gua mimpi and Gua batu caves, Bantimurung. South Sulawesi. This study measured the intensity of the Radon and 
thoron radiations using Trace Detector Nuclear CR-39 (Baryotrex) as a passive dosimeter. Measurements were performed 
in two phases, which direct measurements by using RAD 7 at several locations namely in the area of the door and the 
middle of the cave. It is intended to fine the concentration of radon and thoron radiation content in the cave. Passive 
measurement is done by putting a nuclear trace detector at some point in the cave and kept within 3 months. The data 
analysis performed at the Center Safety technology and radiation metrology of National Nuclear Energy Agency 
(PTKMR-BATAN). The result of thoron gas concentrations in the mouth of the Gua mimpi shows the average 9.50 pCi / 
l, while in the middle of the cave by 34,5pCi / l. Result for direct measurements obtained using a sun nuclear of radon gas 
concentration of 6.33 pCi / l at the mouth of the gua mimpi swept average 30.02 pCi / l. While in the gua batu shows the 
average radon concentration of 6.33 pCi / l. Furthermore, the measurement of passively acquired level of concentration of 
radon at all points of the gua mimpi average above 200 Bq / m3 with a dose rate above 5 mSv / year which exceeds the 
threshold as determined by the International commission on radiological protection (ICRP) that is above 5mSv / year.  
INTRODUCTION 
Radioactive materials contained in the universe emit radio nuclides called tersterial radiation that comes from the 
minerals contained in rocks, soil, water, and air. Radon is an element that comes from the decay of uranium-238 and 
has a 3.82-day of half life. Elements of radioactive radon can cause significant radiological problems. According to 
UNSCEAR report [1] and S.H. Alharbi et.al [2] that radon is the largest natural radiation  and reached 55%, can be 
attached to fine particles in the air and on the wall and will be inhaled and irradiate lung with alpha particles. So that 
it can raise the risk of lung cancer, namely thoron isotope radon (220Rn) also have similar properties, but the degree 
of radiation exposure on the lungs smaller. The result of the transformation of radon emits alpha particles with 
energies ranging from 6 to 7.69 MeV. The energy of alpha particles are large mashing cell structure on the surface 
of the bronchi and the lungs so that damage and kill cells. The body can replace cells that die, but the damaged cells 
can cause lung cancer [3,4]. 
The existence of radon and thoron in one place could be predected through measurement by detecting the alpha 
particles released when decay. The potential existence of the gas concentration could be observed on places that 
have air circulation in a closed space, basement, mining areas, and in the cave [5]. Several studies of radon gas in the 
cave has been observed through the air monitoring using nuclear traces of Cr-39 a passive dosimeter detectors. G. K. 
Gillmore (2001)  at the Cresswell Crags Permian Limestone caves of United Kingdom has conducted research that 
high radon concentration of 7800 Bq / m3 at a distance of 60 meters from the mouth of the cave [6]. 
Bantimurung is one of the attractions and heritage area in Maros regency, South Sulawesi, which has a waterfall 
that is visited by many local and international tourists. The area has also a big hole in the shape of the tunnel Batu 
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and Mimpi Caves (Gua Batu and Gua Mimpi)  and much visited by tourists. Radon and thoron are produced in an 
enclosed space such as in a cave, then conducted a study to measure the concentration of radon and thoron in the 
area uses RAD7 and Sun Nuclear, the passive method  using CR-39 dosimeter. This area is the first observation for 
measuring radon and thoron in the cave of South Sulawesi. The measurement result was estimated  the 
concentration, and the rate of annual dose of radiation emitted in both the cave. The results obtained will be used to 
examine whether the content of the radiation in the caves has exceeded the threshold as determined by the 
International Atomic Energy Agency [7].  
MATERIAL AND METHOD 
In general there are three main types of primordial radionuclides potassium-40 (K-40) has a half life of 1.25 
billion years, 232Th (half life of 14 billion years) which is the initial core of thorium and 238U (half life of 4.5 billion 
years) which is the initial core uranium series. Radionuclide is almost contained in any material, such as soil, rocks, 
sea, and building materials, and can enter into the human body at different levels. In the series of uranium and 
thorium  are  222Rn  (radon) and 220Rn (thoron) gas. Most of the gases occur in the decay series will be out of the soil 
[8,9]. 
Research conducted by Barnes et al, (2006) at the Tourist Jenolan caves of the New South Wales Australia, 
extensive clastic sediment (clastic) were identified as the main source of radon gas. As part of a more detailed 
survey. Solomon et al (1995) concluded that the levels of radon in caves Jenolan are not dangerous for tourists but 
served the possible health risks to workers every day to guide the tourists who visit the tourist caves [10] Radon is a 
radioactive inert gas emitted as gases in general, can be moved from its original location to the cave. The amount of 
radon that enters the cave depends on the volume and ventilation in the cave. To understand the concentration of 
radon, the transport mechanisms investigated by Whitle stone (2010) which can be formed by way of diffuse 
through the pores of the soil and rocks in the sediment, can switch advection, brought by the wind or moved result of 
differences in atmospheric pressure [11,12] The concentration of radon (C) can be calculated in the following 
equation [13] : 
C(Bq/m3)=C0
ሺ஻௤ǤௗȀ௠ଷሻ
ఘబ
ሼఘ௧ሽdet.       (1) 
Where :     C0 : total radiation (exposure) 226Ra (radon source) with the unit Bq / m3. 
ρ0 : density of the trail (track number / cm2) of the detector being irradiated 226Ra, 
ρ : density of the trail (track number / cm2) on the distribution of the detector, 
t  : radiation time (days) of the distribution detector. 
This researh observed in two case, the diract measurent using RAD7 and passive measurement by aid of detectors 
CR-39 (Baryotrex).  
Direct measurement is done directly using RAD7 consisting of solid start alpha detectors [14,15]. That is 
semiconductor material (usually silicon) that converts alpha radiation directly into electrical signals, and the results 
are read on a monitor. Measurements were taken at the Mimpi and Batu caves by choosing several measurement 
points in the mouth, the middle and at the end of the cave mouth. 
Passive measurement  using nuclear traces performed by detectors CR-39 (Baryotrex), Environmental Dosimeter 
Passive radon-thoron, Nikon Optical Microscope Ltd, Japan, 6N NaOH solution, Heating, Oven Memmerth, 
Germany, Ultra Sonic, Points etching (plastic bags). Measurements passively by putting a passive detector CR-39 in 
the cave and save for 30 days. The reading of the data to determine the content of radon and thoron carried etched 
way that soaking in a small container using a solution of KOH 20%. At the end of the etching, the detector is 
washed with distilled water and then dried at 70° C for 5 hours dive. Each detector is counted visually using an 
optical microscope with the power (40x10) sizes [16]. 
RESULT AND DISCUSSION 
Reasearch llocations  have created a map of the Mimpi and Batu caves, that can be seen in Figure 1(a) and (b) as 
follows. The research location as Figure 1 (a) of the Mimpi Cave, the mouth of the Cave on the east and west on the 
horizontal line, next line north - south in the vertical direction. Map uses a scale of 1: 3043 From the images viewed 
length and width of 600 x 80 m, but in caves with winding paths so the length of the cave about 900 m wide hole 
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between 1 to 2.5 m and a height between 1,5 - 2,5 m. The number of passive detectors detectors CR-39 used is 30 
pieces, as shown in the triangle sign. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1. (a) Mapping of Mimpi cave (Gua Mimpi) and (b) Mapping of Batu cave (Gua Batu) 
Figure 1b shows the image size of 60m x 30m with a scale of 1: 3043 Cave path length of about 100 m and width of 
a hole between 1.5 - 10 m and height of between 1.2 - 4 m. The smallest hole is shown at a distance of 40 m from 
the mouth of the cave with a size of 1.4 x 2 m. The number of passive detectors CR-39 used were 12 detectors in 
triangular mark, with a long stay in the cave is placed on a stone wall for three months in order to radon and thoron 
radiation can be recorded by the detector. 
Direct measurements 
The RAD 7 detector was used by direct measurement in the area of the Mimpi and Batu cave by collaboration 
with the Center for Safety Technology and Radiation Metrology, National Nuclear Energy Agency of Indonesia 
(PTKMR BATAN), Jakarta. The results were derived by the average of radon and thoron concentration in Mimpi 
cave of  6.33 pCi/l and 9.50 pCi / l in the cave mouth, and  in the middle of the cave was 30.02 pCi/l and 34.5pCi / l 
respectively. Furthermore the radon and thoron concentration in Batu cave were 6.33 pCi/l and 9.40 pCi/l in the cave 
mouth and in the midle area were 28,6 pCi/l and 33.4 pCi/l respectively. This measurement shows the data appear 
that the concentration of radon and thoron in the cave mouth is lower than the midle of cave. That was  influenced 
by the ventilation. At the mouth of the cave air circulation is more than in the middle of the cave. When the radon 
and thoron out (decays) from the cave wall directly interact with the atmosphere. If there is no air circulation, the 
concentration of radon continues to increase as confined (adiabatic conditions). Conversely for air circulation area 
that may be carried by the moving air (wind) so that the lower concentration of radon in the places. 
Passive Measurement Using a Cr-39 Detector 
Passive measurement is accumulated for three months sustainable. Figure 2 (a) The following graph shows the 
concentration of radon measurement and (b) shows thoron concentration data.  
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 FIGURE 2. The concentration of radon (Bq / m3) in the Mimpi cave (a) and (b) shows the measurement data of thoron 
concentration (Bq / m3) in the cave of Mimpi cave. 
As illustrated in the graph above such as in figure 2 it can be seen that the value of the highest radon 
concentration at a distance of 90 m from the entrance of the Mimpi cave as shown in figure (a) and the highest 
thoron concentration at a distance of 550 m from the door / mouth of the cave such as in figure (b). The results 
showed radon concentration values enormous exceeds the threshold of 200 (Bq / m3) that have been determined by 
ICRP. Indeed, in the depth of the vent is small enough so that almost did not happen airflow. In the graph above 
shows that at a distance of 330 meters lower of  radon and thoron concentrations it caused the walls of the cave was 
wet (humid) so that radon does not interact with the outside air, and it flows out with the water. If we compare 
outside the cave was still in the safe category. So beyond the radon concentration is lower than inside the cave due 
to very little ventilation. From the chart above thoron concentrations also exceeded the threshold specified by the 
ICRP obtained above 280 Bq / m3. 
The results of radon and thoron concentration measurement in Batu Caves as shown in Figure 3 below. The Y-
axis represent the value concentration (Bq / m3) and on the X axis declared distance (m) measurement in a passive 
detector placement of CR39. 
 
FIGURE 3. Radon gas concentration (Bq / m3) at some point in (a) and (b) The thoron concentration (Bq / m3) at   
some point at Batu cave. 
On the left side of the Figure (3a) obtained the highest radon concentration of 2200 Bq / m3 around the mouth of 
the Cave as in Figure 1b. This is possible due to the flow of gas flowing out of the middle of the cave and gathered 
at the mouth of the cave. Radon gas is the lowest value was obtained at a distance of 50-60 m in the western part of 
the mouth (See Figure 1b), it can be caused by radon gas interacts with the outside air. Conversely corresponding 
Figure (3b) the concentration of gas thoron lower by about 300 Bq / m3 at a distance of 10 m from the entrance of 
the cave, and 100 Bq / m3 at a distance of 40-60 m from the zero point or the door of the cave west, the value of 
radiation thoron highest in the middle Batu cave which is about 2450 Bq / m3 at a distance of 35 m from the point of 
measurement. The result calculation of  average concentration of thoron in Batu Caves above the threshold is 200 
Bq / m3 such as ICRP. 
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Annual Effective Dose 
The effective dose is needed to determine the value of the dose rate per annum for the content of radon and 
thoron radiation in the cave. The results of measurements carried out within three months has been calculated dose 
per hour so converted at doses per year. The following Figure 4 shows the annual effective dose for radon and 
thoron. Acoording to the ICRP the threshold value above 5mSv / year. If we see from the data, it is showed the 
threshold, except at a depth of 330 meters, the average annual dose 34.66 mSv / year. The following chart shows the 
annual effective dose for radon and thoron in Mimpi Cave. 
 
FIGURE 4. (a).the annual effective dose for radon in Mimpi Cave and control in Batu cave and  
(b) the effective dose for thoron in Mimpi cave 
CONCLUSION 
The result observation of radon and thoron concentration in Gua mimpi and Gua batu, Bantimurung, the heritage 
area of South Sulawesi. The passive measurement using a Cr-39 detector of radon and  thoron concentrations 
derived exceed 280 Bq/m3. The lower concentration obtained in the Mimpi cave was 19 Bq / m3. The direct 
measurements by using RAD 7 detector in the mouth of the Gua mimpi shows the average 9.50 pCi / l, while in the 
middle of the cave by 34,5pCi/l. The concentration of radon at all points of the gua mimpi average above 200 Bq / 
m3 with a dose rate above 5 mSv / year which exceeds the threshold as determined by the International commission 
on radiological protection (ICRP) that is above 5mSv / year.  
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